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[57] ABSTRACT 

In an optical recording a shape of a mark which is a data 
recording area can be formed into a desired shape even if a 
temperature of an optical recording medium changes. The 
present invention provides a temperature detecting means 
for detecting the temperature of the optical recording 
medium and a laser power adjusting means for adjusting first 
laser power and second laser power on the basis of the 
detected temperature, and the mark is recorded in the optical 
recording medium by using the adjusted first laser power 
and the adjusted second laser power. Thereby, even if the 
temperature of the optical recording medium changes with 
influence of environmental temperature, a recording opera- 
tion can be performed with an optimum laser power deter- 
mined based upon the temperature of the optical recording 
medium. Thus, even if the temperature of the optical record- 
ing medium changes, the shape of the mark which is the data 
recording area can be formed into the desired shape. 

8 Claims, 7 Drawing Sheets 
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OPTICAL RECORDING METHODS AND 
APPARATUS USING LIGHT MODULATION 
TECHNIQUE BASED ON DETECTING 
TEMPERATURE OF THE MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an optical recording apparatus, 
and more particularly, is applicable to a magneto-optical disc 
apparatus for recording recording data in a magneto-optical 
disc by using a laser beam. 

2. Description of the Related Art 

In a magneto-optical disc apparatus, a magnetic field is 
applied and a temperature of a magnetic film of a magneto- 
optical disc is raised to reach or exceed a Curie point by 
radiating a laser beam on the magneto-optical disc, thereby 
an inverted magnetized area (that is, a mark) based on 
recording data is formed on the magnetic film in order to 
record data. 

In this type of the magneto-optical disc apparatus, there 
are two kinds of modulation systems on recording. One is a 
light modulation system for varying a laser beam according 
to the recording data. The other is a magnetic field modu- 
lation system for varying a magnetic field according to the 
recording data. 

In addition, in the magneto-optical disc apparatus, mere 
are two kinds of mark forming methods on recording. One 
is a mark length recording method (that is, a mark-edge 
recording method) for recording a mark having a length 
determined based on the recording data, the other is am ark 
space recording method for varying a position of am ark to 
be record according to the recording data. In this connection, 
on reproducing, in the case of the mark length recording 
method, the data is reproduced by detecting both end por- 
tions (that is, an edge) of the mark and detecting the length 
of the mark, on the other hand, in the case of the mark space 
recording method, the data is reproduced by detecting the 
position of the mark. 

By the way, even if one of two methods is proposed, in the 
magneto-optical disc apparatus, the mark is formed by 
radiating the laser beam on the magnetic film and raising the 
temperature of the magnetic film to reach or exceed the 
Curie point thereby the data recording is carried out 
Therefore, the temperature of the magneto-optical disc is an 
important factor on recording. 

For example, in the magneto-optical disc apparatus hav- 
ing the mark length recording method, in the case where a 
mark having a predetermined length is formed by radiating 
the laser beam, a temperature rise tends to be small at the 
time of starting radiating because thermal diffusion occurs 
all around, on the contrary, the temperature rise tends to be 
large after radiating continuously for a certain period of time 
because of thermal conduction caused by radiating before 
that. Therefore, if the recording is carried out simply, as 
shown in FIG. 1. a width of a latter portion of the mark 
spreads and the shape of the mark becomes a shape of a tear 
drop. In this way, if the shape of the mark becomes the shape 
of the tear drop, the edge can not be detected correctly, thus 
a data error occurs. 

Therefore, in this type of the magneto-optical disc 
apparatus, the above problem is solved by adopting a 
multi-pulse recording method. In the multi-pulse recording 
method, as shown in FIG. 2. the temperature is risen quickly 
by continuously radiating the laser beam for a specified 
period of time at first, after that, the temperature is kept by 
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intermittently radiating the laser beam in pulse. Therefore, 
by using the multi-pulse recording method, the temperature 
rise of the necessary temperature or more is suppressed, the 
tear drop shaping of the mark shown in FIG. 1 can be 
5 prevented. 

In addition, a method has been proposed, in which an 
intensity of the laser beam (hereinafter, referred to as a laser 
power) is set to high comparatively in order to quickly raise 
the temperature at first, after that, the laser power is felt to 

10 suppress the temperature rise of the necessary temperature 
or more, thus the tear drop shaping is prevented. 

By the way, the temperature of the magneto-optical disc 
is determined not only by the laser beam which is radiated, 
but also by the environmental temperature. Therefore, even 

15 if the temperature is adjusted by radiating the laser beam 
intermittently or by varying the laser power as described 
above, the temperature of the magneto-optical disc changes 
in accordance with the change of the environmental tem- 
perature. So that, the temperature rise of the necessary 

20 temperature or more occurs, or the necessary temperature 
rise can not be obtained. Thus a problem occurs, in which the 
shape of the mark can not be formed into a desired shape. 
For example, since the temperature of the magneto-optical 
disc just after setting is comparatively low, the temperature 

25 of the magnetic film is hard to rise to the Curie point or more 
even if the laser beam is radiated. As a result, the width and 
the length of the mark tends to be small. Further, since the 
temperature of the magneto-optical disc which has been set 
for a long time is comparatively high with the heat of the 

30 inside of the apparatus, the temperature of the magnetic film 
tends to rise to the Curie point or more when the laser beam 
is radiated. As a result, the width and the length of the mark 
tends to be large. 

In this connection, if the length of the mark is not formed 

35 into a desired length, it causes the occurrence of the data 
error at reproducing. Further, if the width of the mark 
becomes large, the mark erases a mark in an adjacent track, 
thus high-density recording can not be performed. 
Note that, a problem, in which the mark can not be formed 

40 into the desired shape because the temperature of the 
magneto-optical disc changes with the environmental 
temperature, occurs not only to the mark length recording 
method but also to the mark space recording method. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of this invention is to 
provide an optical recording apparatus in which a shape of 
a mark which is a data recording area can be formed into a 
desired shape even if a temperature of an optical recording 

so medium changes. 

The foregoing object and other objects of the invention 
have been achieved by the provision of an optical recording 
apparatus which records am ark having a length determined 
based on recording data in the optical recording medium, the 

55 optical recording apparatus comprises: temperature detect- 
ing means for detecting the temperature of the optical 
recording medium; first laser power storing means for 
storing first laser power at a reference temperature; laser 
power adjusting means for adjusting the first laser power and 

60 second laser power, which is different from the first laser 
power, at the same ratio; and laser emitting means for 
emitting the laser beam on the optical recording medium, 
when a mark having at least a predetermined length or more 
is recorded in the optical recording medium, after changing 

65 the first and second laser power, adjusted by the laser power 
adjusting means, in a predetermined order determined based 
on the length of the mark. 
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la this way, the temperature of the optical recording circuit 5, thereby a spindle motor 6 is driven and then a 

medium is detected, and the first and second laser power are magneto-optical disc 3 is spin-driven. At the same time, the 

adjusted based on the detected temperature, and a mark is system controller 2 supplies a control signal S3 to a servo 

recorded in the optical recording medium by using the circuit 7. thereby apickup 8 is driven and then the recording 

adjusted first laser power and the adjusted second laser 5 date recorded in the magneto-optical disc 3 is read. 

power. Thereby, a recording operation can be performed The pickup 8 is comprised of a laser diode and a photo 

with an optimum laser power based on the temperature of detector. The pickup 8 emits a laser beam, radiated from the 

the optical recording medium even if the temperature of the laser diode, on a track of the magneto-optical disc 3, and 

optical recording medium changes with effect of the envi- ***** Received by the photo detector. 

ronmental temperature. Therefore, the shape of the mark 10 *? P"*"* "«*«»g ™ 

which is a data recording area can be formed into a desired ^^S^^^ It^^ZtlfZ^ 
%. t *». * *- r *u *s i j* S4 based on the recording data. The reproduction signal S4 

shape even if the temperature of the optical recording d , o a foUowin | ^od^ ^ 9 . 

medium changes, thus the data error at reproducing can be ^ ^ ^ fa by a 

suppressed, predetermined modulation (for example, such as MFM or 

The nature, principle and utility of the invention will 15 against data to be recorded, the demodulating circuit 

become more apparent from the following detailed descrip- 9 performs a predetermined demodulation processing 

tion when read in conjunction with the accompanying draw- against the recording data to reproduce original data. A thus 

ings in which like parts are designated by like reference reproduced data S5 is output to the computer through the 

numerals or characters. interface circuit 4. 

_ 20 On the other hand, when a recording instruction S6 is 

BRIEF DESCRIPTION OF THE DRAWINGS output from the computer, the interface circuit 4 receives the 

In the accompanying drawings: recording instruction S6 and supplies it to the system 

FIG. 1 is a schematic diagram explaining teardrop snap- controUer ?• * e ^ m °° ntlontT 2 starts a 

ing of a mark according to the prior recording method; 25 m S PP^a* 1011 * 

_ 0 . 1 - • *w a The system controller 2 supplies the control signal S2 to 

FIG. 2 » a schematic ^diagram ^plaming the theory of the ^ seryo £ basis rf ^ ^ 

pnormuia-puiserecoroingmetnoa; instruction S«, thereby the spindle motor 6 is driven and then 

FIG. 3 is a block diagram showing the construction of the the magneto-optical disc 3 is spin-driven. At the same time, 

magneto-optical disc apparatus according to an embodiment the system controller 2 supplies the control signal S3 to the 

of the present invention; 30 seryo y ^ Q pickup 8 h pum^ ^ 

FIGS. 4Ato 4D are schematic diagrams explaining mark system controller 2 receives data S7 to be recorded, sent 

length recording method and ternary multi-pulse recording following the recording instruction S6, through the interface 

method; circuit 4. The data S7 to be recorded is modulated with the 

FIG. 5 is a flow chart explaining a procedure for detecting „ predetermined modulation (such as MFM or EFM described 

the temperature of the magneto-optical disc; above) to generate recording data S8, and then the recording 

FIG. 6 is a flow chart explaining a procedure of a whole data S8 is supplied to a laser power controller 10. 
recording operation- The laser power controller 10 is a circuit for generating a 

FIG. 7 is a flow chart explaining the setting procedure of **** ^ S » ^ driving m * e P ic ^ 8 > 

the laser power* 4Q and generates the driving signal S9 based on the recording 

IT ... « . , data S8 to supply the driving signal S9 to the laser diode. 

HGS.8Ato8Care char^ m laser ^ laser ^ on ^ Dasis of te 

the characteristics of error rate relative to laser power at ^ s$ > tQ ra(Uate ^ ^ ^ 0fl a ^ 

recording; and film of the magneto-optical disc 3 applied the magnetic field. 

FIG. 9 is a schematic diagram explaining the laser power Thereby a mark based on the recording data S8 is formed on 
correction with respect to the temperature fluctuation. 45 the magnetic film to record the recording data S8 in the 

DETAILED DESCRIPTION OF THE ^ 3 ' . „ Kt . . ^ „ , 

EMBODIMENT that, the reflected light from the magneto-optical 

disc 3 is received by the photo detector in the pickup 8, and 

Preferred embodiments of this invention will be described then the received light result S10 is fed back into the laser 

with reference to the accompanying drawings: power controller 10, The laser power controller 10 examines 

In FIG. 3, numeral 1 generally shows a magneto-optical based on the received light result S10 whether the laser 

disc apparatus which applies the present invention. A system power is shifted with respect to an objective value, and if the 

controller 2 controls the operation of each unit thereby data laser power is shifted with respect to the objective value, the 

recorded in a magneto-optical disc 3 is reproduced and data 55 laser power is corrected. 

is recorded in the magneto-optical disc 3. The system By the way, in the magneto-optical disc apparatus 1, a 
controller 2 receives an operating instruction from an out- thermistor 11 for detecting the temperature of the magneto- 
side computer (not shown) through an interface circuit (3/F) optical disc 3 is set near the magneto-optical disc 3, and the 
4. and then controls the operations of each unit on the basis laser power at recording is controlled to an optimum value 
of the operating instruction. ^ on the basis of the temperature of the magneto-optical disc 

For example, when a reproduction instruction SI is output 3 detected by the therrnistor 11. 

from the computer, the reproduction instruction SI is input At first, a detection signal Sll, measured by the ther- 

to the interface circuit 4 at first The interface circuit 4 mistor 11, indicating the temperature of the magneto-optical 

supplies the reproduction instruction SI to the system con- disc 3 is amplified through the amplifier 12 to supply to the 

troller 2 to start a reproducing operation. 65 system controller 2. 

The system controller 2 which received the reproduction The system controller 2 operates based on a temperature 

instruction SI supplies a control signal S2 to a spindle servo monitoring program 13A which is stored in a program 



03/15/2004, EAST version: 1.4.1 



5,742,566 

5 6 

storage section 13 comprising, for example, ROM, and second value is a sub-peak value Y SUB which is applied 

detects the temperature of the magneto-optical disc 3 by following the pre-heat value F PRE when a mark having a 

examining the detection signal Sll with a predetermined length of a minimum period "2T* with a base unit period of 

period. As a result, in the case where the laser power needs the data recording as 4 T\ Furthermore, a third value is a 

to be corrected because the temperature of the magneto- 5 main peak value P^^^ having maximum power which is 

optical disc 3 changes, a temperature correction necessity applied following the sub-peak value F sl/B when a mark 

flag is set in a temperature correction necessity flag storage having a length of "3T" or more is recorded, 

portion 14A of an operation data storage section 14 this connection, the laser power is lowered to a value 

comprising, for example, RAM. lower than the power at reading at a timing earlier by 0.5 T 

In addition, the system controller 2 operates based on an 10 than a mark end terminal portion when any mark having any 

optimum value setting program 13B stored in the program length is recorded In this time, the mark end terminal 

storage section 13. At the time of performing the recording portion is formed into a predetermined length by after heat 

operation, the laser power at recording is set to an optimum Note that, as shown in FIG. 4D, the laser power having a 

value before the recording operation. In this case, the system vauie i ower than the pre-heat value F PRE is used at reading, 

controller -2. examines whether the flag is set in the tempera- u m ^ ^ Qf ^ ^ ^ lf 

ture correction necessity flag storage portion 14A. As a me ^ peak value is stored as a referent value of 

result, if the flag is set, the laser power at recording is set to ^ £ wef a ^ «J£ Qf recardi ^ heat yalue 

the optimum vdue by using a correct, coefficient, etc., p an / me S}jb _ ^ p ^Mated based on 

stored in a coefficient storage portion 14B of the operation ^^.^ vaiuTp^ by using a rredetermined level 

data storage section 14. relation equation. Specially, the pre-heat value P^ is 

Note that, especially, the setting of the laser power is calculated by using a coefficient u a n (0«x) in accordance 

performed by instructing the laser power optimum value witn me following equation (1). 
(S12) from the system controller 2 to the laser power 

controller 10 before the recording operation. Thereby if the p F xit*lPmain (i) 

laser power controller 10 outputs the driving signal S9 based 25 

on the instruction, the laser beam having the optimum power Further the sub-peak value P^ is calculated by using a 

is radiated from the laser diode. coefficient "P" (<x<fkl) in accordance with the following 

In this connection, the system controller 2 stores the equation (2). 
temperature data at the recor ding operation in the correction D Q D „ x 
temperature storage portion 14C of the operation data stor- 
age section 14, and also examines the change of the tern- Note that, the value at a reference temperature (for 
perature based on the temperature data to detect whether the example, 35 degree) is set as the main peak value P^*, and 
temperature correction is necessary. the value is stored in the laser power storage area of the 

In this way, in the magneto-optical disc apparatus 1, a 35 coefficient storage portion 14B. Further, the coefficients a 

laser power adjusting means is comprised of the system and p indicating the level relation between the pre-heat value 

controller 2, the program storage section 13, and the opera- V PRE and the sub-peak value are stored in the level 

tion data storage section 14, and adjusts the laser power relation data storage area of the coefficient storage portion 

based on the temperature, detected by the thermistor 11, of 14B. 

the magneto-optical disc 3 so that the laser power having the 4Q Further, in the magneto-optical disc apparatus 1, the laser 

adjusted power is emitted from the laser diode which makes power is adjusted according to the detected temperature of 

up a laser emitting means. Thereby even if the temperature the magneto-optical disc 3 detected by using the mermistor 

of the magneto-optical disc 3 changes, the shape of the mark 11 as described above. In this time, the main peak value 

can be formed into a redetermined shape by performing the P*mw is adjusted at first Specially, the main peak value 

recording operation with the optimum laser power. 45 Pm^ is adjusted by calculating the following equation (3) 

Here, the setting of the laser power at recording will be using the detected temperature 'TP" and the correction 

hereinafter described. coefficient y (Ocy) in order to set an optimum value to the 

First, as shown FIGS. 4A to 4C, the magneto-optical disc main-peak value P^^ according to the detected tempera- 
apparatus 1 performs a data recording according to a mark ture - 
length recording. For example, in the case where the record- 50 p ^_ 

ing data is "0, 1,0,0,0,0,0, 1,0", with a period from the logic ^*-'W-T(^-35 degree) P) 

w r to the next logic "1" of the recording data as a timing for Next, the pre-heat value ? PRE and the sub-peak value P SUB 

forming a mark, the mark having the length determined are obtained by calculating the aforesaid equations (1) and 

based on the period is formed. (2) using the adjusted main-peak value Pam/at Thereby the 

Further in the case of fonning the mark, as shown in FIG. 55 pre-heat value P PRE and the sub-peak value P stAB are 

4D, the power of the laser beam which is radiated on the adjusted with the same ratio as that of the main-peak value 

magneto-optical disc 3 is recorded by using a multi-pulse according to the detected temperature to set an 

recording method for changing in a predetermined order on optimum value. 

the basis of length of the mark which is recorded, thereby the Iq this connection, the data of the correcting coefficient y 

temperature rise of necessary temperature or more is sup- 60 which is used for adjusting the main peak value P^a/a^ 

pressed to prevent a mark from the teardrop shaping as stored in the correction coefficient storage area of the 

shown in FIG. 1. coefficient storage portion 14B. 

Note that, the multi-pulse recording method is a ternary In such way, in the magneto-optical disc apparatus 1, the 

multi-pulse recording method which can take three values as main-peak value P^^ is adjusted to the optimum value 

a laser power. A first value out of the ternary value is a 65 according to the detected temperature of the magneto-optical 

pre-heat value ¥ PRE which is first applied for spare-heating disc 3, and the pre-heat value P,,^ and the sub-peak value 

the magnetic film preparing for the recording. Further a V SUB are adjusted to the optimum value according to the 
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main peak value P MAIf ^ Thereby even if the temperature of 
the magneto-optical disc 3 changes, the optimum shape of 
the mark comprising a predetermined width and length 
determined based on the recording data can be formed. 

Here, the setting procedure of the laser power will be 5 
hereinafter described by using the flow charts of FIGS. 5-7. 

In the magneto-optical disc apparatus 1, the temperature 
monitoring program 13A is started, and detects the tempera- 
ture of the magneto-optical disc 3 with a predetermined 
period and then examines whether the temperature carrec- to 
tion of the laser power is necessary. In the case of perform- 
ing the recording operation* the optimum value setting 
program 13B is started, and performs the temperature cor- 
rection of the laser power on the basis of the judgment result 
of the temperature monitoring program 13 A. Therefore, the 15 
magneto-optical disc apparatus 1 sets the optimum values to 
the aforesaid main-peak value P^^, pre-heat value ? PRE > 
and sub-peak value P sc/fl , and then sets the optimum value 
to the laser power according to the temperature of the 
magneto-optical disc 3. 20 

First, the system controller 2 in the magneto-optical disc 
apparatus 1 starts the temperature monitoring program 13A 
and carries out the processing shown in FIG. S every a 
predetermined period (for example, one second). That is, the 
system controller 2 reads the detected signal SU indicating 25 
the temperature of the magneto-optical disc 3 measured by 
the thermistor 11 and detects the temperature of the 
magneto-optical disc 3 on the basis of the detected signal 
Sll at step SP1 following step SPO. At next step SP2, the 
system controller 2 reads the temperature which is set at the 30 
laser power setting procedure described later, that is, the 
temperature 4 TP a " at the last recording, from the correction 
temperature storage portion 14C, and compares the detected 
temperature *TP 2 " detected at step SP1 with the temperature 
"TPj" to calculate the temperature difference. Note that, in 35 
the case where passing step SP2 is passed without perform- 
ing the recording operation, the reference temperature, for 
example, 35 degrees is used as the temperature *TP 1 ". 

At next step SP3. the system controller 2 detects whether 
the temperature difference is more than a predetermined 40 
threshold value. If the temperature difference is the threshold 
value or more, the system controller 2 determines that the 
temperature correction is necessary and then proceeds to 
step SP4. On the contrary, if the temperature difference is 
less than the threshold value, the system controller 2 deter- 45 
mines that the temperature correction is unnecessary and 
then proceeds to step SP5. 

At step SP4, the system controller 2 set the temperature 
correction necessity flag in the temperature correction neces- 
sity flag storage portion 14A (for example, a logic "1" is set), 50 
and stores the data of the detected temperature *TP 2 " in the 
temperature correction necessity flag storage portion 14A. 

On the other hand, at step SP5. the system controller 2 
resets the temperature correction necessity flag (for 
example, a logic "0" is set). Note that, at this time, the data 55 
of the detected temperature *TP 2 " is not stored in the 
temperature correction necessity flag storage portion 14A. 

When the processing of step SP4 or SP5 is finished, the 
system controller 2 proceeds to next step SP6 and the 
processing is finished. * 60 

Next, the operation at recording will, be hereinafter 
described. When the system controller 2 receives the record- 
ing instruction S6 from the interface circuit 4, the processing 
shown in FIG. 6 is carried out as a recording operation. That 
is, at step SPU following step SP10, the system controller 65 
2 performs the laser power setting processing described later 
before the recording operation in order to set an optimum 
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laser power. Then at next step SP12, the recording operation 
is performed by using the optimum laser power. After 
finishing the recording operation, at next step SP13, the 
system controller 2 performs a verify processing to examine 
whether the recording operation is normally performed. If it 
is normal, the step proceeds to next step SP14 and the 
recording operation is finished. 

Here, the laser power setting processing shown in step 
SP11 will be hereinafter described. The system controller 2 
starts the optimum value setting program 13B and performs 
the processing procedure shown in FIG. 7 to set the laser 
power. That is, at step SP21 following step SP20, the system 
controller 2 examines the temperature correction necessity 
flag storage portion 14A to detect whether the temperature 
correction necessity flag is set At a result, if the temperature 
correction necessity flag is set, the system controller 2 
determines that the temperature correction is necessary and 
proceeds to next step SP22. Here, an off-set based on the 
detected temperature is added to the main peak value P*^^. 
That is, the correction coefficient y is read from the coeffi- 
cient storage portion 14B, and the detected temperature 
*TP 2 " at the time of setting the flag is read from the 
temperature correction necessity flag storage portion 14A, 
and then the main-peak value Ymarj is adjusted to the 
optimum value by performing the calculation shown in the 
aforesaid equation (3) using the correction coefficient y and 
the detected temperature 'TP 2 ". 

Note that, the main-peak value Pm^ used at the equation 
(3) is a value with the reference temperature of 35 degrees, 
for example, it is set to 8.7 [rnW]. Further, by calculating the 
equation (3), for example, in the case where the reference 
temperature is 45 degrees, the main-peak value P^a/^ is 
adjusted to 8 [mW], And in the case where the reference 
temperature is 5 degrees, the main-peak P*^^ is adjusted to 
10 [mW]. 

At next step SP23, the system controller 2 reads the 
coefficient a from the coefficient storage portion 14B, and 
calculates the aforesaid equation (1) using the adjusted 
main-peak value P MA/jV to obtain the optimum pre-heat value 
F PRE based on the detected temperature. 

At next step SP24, the system controller 2 reads the 
coefficient a from the coefficient storage portion 14B, and 
calculates the aforesaid equation (2) using the adjusted 
main-peak value Pjua/jv to obtain the optimum sub-peak 
value P 5tAe based on the detected temperature. 

In this connection, thus calculated main-peak value 
Pmaw> pre-heat value P PAE> and sub-peak value P S(/B are 
instructed to the laser power controller 10 respectively. 
Thereby the optimum laser power based on the detected 
temperature is set 

At next step SP25, the system controller 2 stores the 
temperature data (that is, the detected temperature TP 2 ). 
used for the calculation of the equation (3), to the correction 
temperature storage portion 14C as the temperature TP l at 
recording. At next step SP26. the system controller 2 resets 
the temperature correction necessity flag. After that, the 
system controller 2 proceeds to step SP27, and the process- 
ing is finished. 

On the other hand, at step SP21, if the temperature 
correction necessity flag is not set, the step proceeds to step 
SP27 and the processing is finished. Note that, in this case, 
the main-peak value P^a/jv, the pre-heat value P^j^ the 
sub-peak value P S ub* 311(1 temperature TP A at recording are 
kept at the values last set. That is, if the temperature 
correction necessity flag is not set. since the temperature 
correction is unnecessary, the main peak value V MAJN . the 
pre-heat value ¥ PR£ . and the sub-peak value V SUB used for 
the last recording are used as they are. 
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In this way, in the magneto-optical disc apparatus 1, if the On the other hand, if the time tl is not just before 

temperature correction necessity flag is set at the time of recording but the time t2 is just before recording, since the 

instructing the recording instruction S6, the main-peak value temperature correction necessity flag is reset, at this time, 

PiM/^^cr^-heat value P PW and the sub-peak value P WiB the recording operation is carried out by using the laser 

are calculated based on the temperature of the detected 5 power, set last, based on the temperature "A" without the 

magneto-optical disc 3 to set the optimum value as the laser temperature correction. That is, in the magneto-optical disc 

P° wer . apparatus 1, since the temperature correction of the laser 

According to the aforesaid configuration, the case where is out just bdgn tte recording, tot tempera . 

the temperature of the rna^eto^ptical disc 3 decreases or ture COITection fa not canied out when ^ temperature 

ua^wia^co^MM^^^cr^^i, 1Q fluctuation of fte magneto^ptical disc 3 merel/occurs. 

a minimum value of the error rate which exists at the center ™ , ° _ , + ^ 

of me characteristic^^ Therefore, the magneto^pUcal disc apparatus 1 performs 

laser power at recording, is set as the main-peak value the temperature correction when necessary thus trouble of 

at the reference ternrxxature as shown in FIG. 8A. performing the temperature correction can be decreased. 

Here, if the temperature of the magneto-optical disc 3 According to the aforesaid configuration, the temperature 

decreases in comparison with the reference temperature, as 15 correction of the magneto-optical disc 3 is detected, and then 

shown in FIG. 8B, the characteristic curve 20 of the error ^ main-peak value P SUB at recording is adjusted to the 

rate relative to the laser power is displaced to the right side optimum value according to the detected temperature, and 

on the page as a whole. That is, the laser power which is the the pre-heat value P PRE and the sub-peak P sus are adjusted 

nimimum value of the error rate becomes higher than the to the optimum values in proportion to the main-peak value 

value Pjwd and changes to the value P Wi . In this time, the 20 P*^^. Thereby, in the case where the temperature of the 

magneto-optical disc apparatus 1 offsets by performing the magneto-optical disc 3 changes, the mark can be formed 

correction based on the aforesaid equation (3) so that the with the optimum laser power, and me mark at recording can 

main-peak value P^a/^ increases, to thereby set a new be formed into a desired shape. 

optimum value P Ml as the main-peak value P M ain- Note that, in the aforesaid embodiment, the temperature 
Therefore, in the case where the temperature decreases, an 25 of the magneto-optical disc 3 is detected by using the 
optimum value can be maintained as the main-peak value thermistor 11, the present invention is not limited thereto and 
P MAI ttf and the pre-heat value P^^ and the sub-peak value the temperature of the magneto-optical disc 3 can be 
P^t/A* calculated on the basis of the main-peak value P MAI w detected by using a temperature IC. As long as the tempera- 
can be also maintained. ture of the magneto-optical disc is detected by using a 

On the other hand, if the temperature of the magneto- 30 predetermined temperature detecting means, the same 

optical disc 3 increases in comparison with the reference advantage as the aforesaid embodiment can be obtained, 

temperature, as shown in FIG. 8C, the characteristic curve Further, in the aforesaid embodiment, the recording is 

20 of the error rate relative to the laser power is replaced to performed by using the ternary multi-pulse recording 

the left side on the page as a whole. That is, the value of the system, the present invention is not limited thereto and the 

laser power which is the minimum value of the error rate 35 recording can be performed by using a binary or quaternary 

becomes lower than the value P^ and changes to a value multi-pulse recording system. As the aforesaid einbodiment, 

P^. In this case also, the magneto-optical disc apparatus 1 as long as the laser power at recording is adjusted according 

offsets by performing the correction based on the aforesaid to the temperature of the magneto-optical disc, the same 

equation (3) so that the main-peak value P MA£V decreases, advantage as the aforesaid ernrxsdiment can be obtained, 

and a new optimum value P M7 is set as the main peak value 40 Further, in the aforesaid embodiment, the main-peak 

P*M/jV* Thereby in the case where the temperature increases, value Pf^s is stored, the pre-heat value P^re and the 

the optimum value can be maintained as the main-peak sub-peak value P SUB are calculated by using the coefficients 

value Pmajw and the pre-heat value V PRE and the sub-heat a and p indicating a level relation, the present invention is 

value P SUB > calculated on the basis of the main-peak value not limited thereto and the sub-peak value P SUB is stored, the 

Pmajw can be also maintain ed. 45 pre-heat value P FRE and the main-peak value P MA/Ar can be 

In this way, in the magneto-optical disc apparatus 1, the calculated by using coefficients indicating the level relation, 

temperature of the magneto-optical disc 3 is detected, then Further, in the aforesaid embodiment, the coefficients a 

the main-peak value P^ain at recording is adjusted accord- and p indicating the level relation and the correction coef- 

ing to the detected temperature, and the pre-heat value P PRE ficient y are constant, the present invention is not limited 

and the sub-peak value P SUB are also adjusted in proportion 50 thereto and the kind of the disc is distinguished by reading 

to the main-peak value P^x/*. Therefore, in the case where information such as a disc vendor, and then the coefficients 

the temperature of the magneto-optical disc 3 changes, a a and (} indicating the level relation and the correction 

mark at recording can be formed into a desired shape. coefficient y can be changed according to the kind of the 

Further, the mark can be formed into the desired shape at disc. In this way, further optimum values can be set to the 

recording, so that it is possible to minimize the occurrence 55 main-peak value Pmaw &e pre-heat value P PRE y and the 

of the data error at reproducing. sub-peak value P SUB . 

Next, the case where the temperature fluctuation occurs in Further, in the aforesaid embodiment, the laser power is 

the magneto-optical disc 3 will be considered. That is, it is adjusted at recording, the present invention is not limited 

assumed that temperature "A" is detected at time tO, the laser thereto and the laser power can be adjusted at the time of 

power at recording is corrected relative to the temperature 60 erasing data. Because the data erasing arranges the direction 

"A", the temperature of the magneto-optical disc 3 increases of the magnetism by recording sequential "0" or *T\ the 

to temperature "B" at time tl, and returns to the temperature data erasing is almost the same as the recording operation. 

"A" at time t2 again. If the time tl is just before recording. Further, in the aforesaid embodiment, the present inven- 

since the temperature correction necessity flag has been set tion is applied to the magneto-optical disc apparatus 1 which 

already, the laser power is corrected relative to the tempera- 65 records by using the mark length recording system in which 

ture "B". and then the recording operation is carried out with a length of a mark is changed according to recording data, 

the corrected laser power. the present invention is not limited thereto and the present 
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invention can be applied to a magneto-optical disc apparatus 
which records by using the mark space recording system in 
which a position of a mark is changed according to the 
recording data. 

Furthermore, in the aforesaid embodiment, the present 5 
invention is applied to the magneto-optical disc apparatus i 
which records data on the magneto-optical disc 3 on which 
possible to rewrite data, the present invention is not limited 
thereto and the present invention can be applied to an optical 
disc apparatus which records the data on a disc impossible 10 
to rewrite data, that is. a write-once-disc. As long as an 
optical recording apparatus which records the recording data 
in an optical recording medium by using the laser beam, the 
present invention can be applied to various kinds of appa- 
ratuses. 15 

As described above, according to the present invention, 
the temperature of the optical recording medium is detected, 
and then the first and second laser power are adjusted based 
on the detected temperature, and a mark is recorded in the 
optical recording medium by using the adjusted first and 20 
second laser power. Therefore, even if the temperature of the 
optical recording medium changes, the mark can be recorded 
with an optimum laser power and the shape of them ark can 
be formed into a desired shape. Thus, even if the temperature 
of the optical recording medium changes, an optical record- 25 
ing apparatus which can farm the shape of the mark, which 
is a data recording area, into the desired shape can be easily 
realized. 

While there has been described in connection with the 
preferred embodiments of the invention, it will be obvious 30 
to those skilled in the art that various changes and modifi- 
cations may be aimed, therefore, to cover in the appended 
claims all such changes and modifications as fall within the 
true spirit and scope of the invention. 

What is claimed is: 35 

1. An optical recording apparatus for recording a mark 
having a length determined based on recording data in an 
optical recording medium, said optical recording apparatus 
comprising: 

temperature detecting means for detecting a temperature 40 
of said optical recording medium; 

first laser power storing means for storing a first peak 
value of a first laser power at a reference temperature; 

laser power adjusting means for adjusting said first peak 
value and a second peak value of a second laser power, 
said second peak value being different from said first 
peak value, at a same ratio on the basis of the tempera- 
ture detected by said temperature detecting means; and 

laser emitting means for emitting a laser beam on said 5Q 
optical recording medium, wherein when a mark hav- 
ing at least a predetermined length is recorded in said 
optical recording medium, said first peak value and said 
second peak value are adjusted by said laser power 
adjusting means in a predetermined order, said prede- 55 
termined order being determined based on the length of 
the mark. 

2. An optical recording apparatus for recording a mark 
having a length determined based on recording data in an 
optical recording medium, said optical recording apparatus ^ 
comprising: 

temperature detecting means for detecting a temperature 

of said optical recording medium; 
first laser power storing means for storing a first laser 

power at a reference temperature; 65 
laser power adjusting means for adjusting said first laser 

power and a second laser power, said second laser 
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power being different from said first laser power, at a 
same ratio on the basis of the temperature detected by 
said temperature detecting means, said laser power 
adjusting means comprising: 

correction coefficient storing means far storing correc- 
tion coefficient data indicating correction coefficients 
for adjusting said first laser power based on a dif- 
ference between said reference temperature and said 
detected temperature, 
level relation data storing means for storing level 
relation data indicating a level relation between said 
first laser power and said second laser power, and 
laser power calculating means for calculating optimum 
values of said first laser power and said second laser 
power for recording the mark by using said correc- 
tion coefficient data and said level relation data on 
the basis of the temperature detected by said tem- 
perature detecting means, before the mark is 
recorded in said optical recording medium by said 
laser emitting means; and 
laser emitting means for emitting a laser beam on said 
optical recording medium, wherein when a mark 
having at least a predetermined length is recorded in 
said optical recording medium, said first laser power 
and said second laser power are adjusted by said 
laser power adjusting means in a predetermined 
order, said predetermined order being determined 
based on the length of the mark. 

3. The optical recording apparatus according to claim 2, 
further comprising: 

recording temperature data storing means for storing 
recording temperature data indicating the temperature 
detected by said temperature detecting means at a time 
of last recording the mark in said optical recording 
medium; 

flag setting means for detecting, at a predeterrnined 
period, whether the difference between the detected 
temperature at said temperature detecting means and 
the temperature indicated by said recording tempera- 
ture data is more than a threshold value, and then 
setting a temperature correction necessity flag if the 
difference is the threshold value or more, or resetting 
the temperature correction necessity flag if the differ- 
ence is less than the threshold value; and 

record instructing means for instructing said optical 
recording apparatus to record said mark in said optical 
recording medium, wherein 

said laser power adjusting means operates said laser 
power calculating means, in the case where said tem- 
perature correction necessity flag is set when said 
record instructing means operates. 

4. The optical recording apparatus according to claim 1, 
wherein: 

said first peak value indicates a main-peak value on a 
ternary multi-pulse recording system; and 

said second peak value indicates a sub-peak value and a 
pre-heat value on said ternary multi-pulse recording 
system, 

5. A method for recording a mark having a length deter- 
mined based on recording data in an optical recording 
medium comprising the steps of: 

detecting a temperature of said optical recording medium; 
storing a first peak value of a first laser power at a 

reference temperature; 
adjusting said first peak value and a second peak value of 

a second laser power, said second peak value being 
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different from said first peak value, at a same ratio on 
the basis of the temperature detected in said detecting 
step; and 

emitting a laser beam on said optical recording medium, 
wherein when a mark having at least a predetermined 
length is recorded in said optical recording medium, 
said first peak value and said second peak value, are 
adjusted in said adjusting step in a predetermined order, 
said predetermined order being determined based on 
the length of the mark. 
6. A method for recording a mark having a length deter- 
mined based on recording data in an optical recording 
medium, comprising the steps of: 
detecting a temperature of said optical recording medium; 
storing a first laser power at a reference temperature; 
adjusting said first laser power and a second laser power, 
said second laser power being different from said first 
laser power, at a same ratio on the basis of the tem- 
perature detected in said detecting step, wherein said 
adjusting step comprises the steps of: 
storing correction coefficient data indicating correction 
coefficients for adjusting said first laser power based 
on a difference between said reference temperature 
and said detected temperature, 
storing level relation data indicating a level relation 
between said first laser power and said second laser 
power, and 

calculating optimum values of said first laser power and 
said second laser power for recording the mark by 
using said correction coefficient data and said level 
relation data on the basis of the temperature detected 
in said detecting step; and 
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emitting a laser beam on said optical recording medium, 
wherein when a mark having at least a predetermined 
length is recorded in said optical recording medium, 
said first laser power and said second laser power are 
adjusted in said adjusting step in a predetermined order, 
said predetermined order being determined based on 
the length of the mark. 

7. The method according to claim 6, further comprising 
the steps of: 

storing recorded temperature data indicating the tempera- 
ture detected by said temperature detecting means at a 
time of last recording the mark in said optical recording 
medium; 

detecting, at a predetermined period, whether the differ- 
ence between the detected temperature in said detecting 
step and the temperature indicated by said recorded 
temperature data is more than a threshold value, and 
then setting a temperature correction necessity flag if 
the difference is the threshold value or more, or reset- 
ting the temperature correction necessity flag if the 
difference is less than the threshold value; and 

instructing said optical recording method to begin, 
wherein said adjusting step operates said calculating 
step, in the case where said temperature correction 
necessity flag is set when said instructing step causes 
said optical recording method to begin. 

8. The optical recording method according to claim 5, 
wherein said first peak value indicates a main -peak value on 
a ternary multi-pulse recording system, and said second 
peak value indicates a sub-peak value and a pre-heat value 
on said ternary multi-pulse recording system. 
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